Supervised Exercise Training 
Counterbalances tiie Adverse Effects of 
insulin Therapy in Overweight/Obese 
Subjects With Type 2 Diabetes 



Stefano Balducci, md'^"'^'^ 

SiLVANO ZaNUSO, PHd"*^ 

Patrizia Cardelli, phd^'^ 
Gerardo Salerno, bs^'^ 
Sara Fallucca, phd^'^ 



Atherosclerosis has been increasingly 
recognized as an inflammatory disease 
characterized by systemic, central 
fat-driven and local low-grade inflamma- 
tion, which is involved in all stages of its 
natural history (1). Several proinflammatory 
mediators have been associated with car- 
diovascular disease (CVD), independent 
of traditional CVD risk factors (2). In par- 
ticular, high-sensitivity C-reactive protein 
(hs-CRP) has been shown to be a strong 
independent predictor of CVD in patients 
with type 2 diabetes (3). More recently, 
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clinical trial data have demonstrated that 
reduction of hs-CRP is associated with 
marked improvements in CVD outcomes 
(4) and that high-intensity, preferably 
mixed (aerobic and resistance) exercise 
training, in addition to daytime physical 
activity (PA), is required for achieving a 
significant anti-inflammatory effect in 
subjects with type 2 diabetes (5). 

When patients with type 2 diabetes in 
secondary failure to oral hypoglycemic 
agents (OHAs) are shifted to insulin treat- 
ment, alone or combined with OHAs, 



glycemic control improves, but there is gen- 
erally an undesirable adverse effect of in- 
creased body weight (6,7) accompanied by 
lower or no improvement or even wors- 
ening of the chronic inflammatory state 
(7-9). This adverse effect, which might 
counteract the positive effect of the insulin- 
mediated decrease in plasma glucose levels 
on CVD risk, could be minimized by exer- 
cise training, although there is no evidence 
in the literature supporting this concept. 

As a subanalysis of the Italian Diabetes 
Exercise Study (IDES), we examined the 
effect of supervised exercise training in 
addition to structured exercise counseling, 
compared with counseling alone, on tradi- 
tional and nontraditional CVD risk factors 
in sedentary, insuHn-treated, overweight/ 
obese subjects with type 2 diabetes. 

RESEARCH DESIGN AND 
METHODS— Detailed methodology 

has been published previously (10,1 1). 
Briefly, sedentary patients with type 2 di- 
abetes and the metabolic syndrome (606 
of 691 eligible) were enrolled in 22 out- 
patient Diabetes Clinics throughout Italy 
between 1 October 2005 and 31 March 
2006. Subjects were randomized by center, 
age, and diabetes treatment to twice-a- 
week supervised mixed (aerobic and resis- 
tance) training plus exercise counseling 
(exercise [EXE] group) versus counseling 
alone as part of standard care (control 
[CON] group) for 12 months. Here, we 
present a subanalysis of data from 73 pa- 
tients treated with insulin, alone or com- 
bined with OHAs, throughout the study. 

Each supervised session lasted 75 min 
and included aerobic exercise plus four 
resistance exercises. All participants re- 
ceived structured exercise counseling, en- 
couraging any type of leisure-time PA. At 
baseline and at the end of the study, PA, 
hemoglobin Ai^. (HbAi^), BMI, waist cir- 
cumference, hs-CRP, systolic and diastolic 
blood pressure (BP), triglycerides, total and 
HDL cholesterol, and coronary heart disease 
(CHD), along with 10-year UK Prospective 
Diabetes Study (UKPDS) risk scores were 
measured, as previously reported (10,11). 
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OBJECTIVE — To examine the effect of supervised exercise on traditional and nontraditional 
cardiovascular risk factors m sedentary, overweight/obese insulin-treated subjects with type 2 
diabetes from the Italian Diabetes Exercise Study (IDES). 

RESEARCH DESIGN AND METHODS— The study randomized 73 insulm-treated 
patients to twice weekly supervised aerobic and resistance training plus structured exercise 
counseling (EXE) or to counseling alone (CON) for 12 months. Clinical and laboratory parameters 
were assessed at baseline and at the end of the study. 

RESULTS — The volume of physical activity was significantly higher in the EXE versus the 
CON group. Values for hemoglobin A^^, BMI, waist circumference, high-sensitivity C-reactive 
protein, blood pressure, LDL cholesterol, and the coronary hean disease risk score were significantly 
reduced only in the EXE group. No major adverse events were observed. 

CONCLUSIONS — In insulin-treated subjects with type 2 diabetes, supervised exercise is safe 
and effective in improving glycemic control and markers of adiposity and inflammation, thus 
counterbalancing the adverse effects of insulin on these parameters. 
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Exercise and insulin therapy 
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Statistical analysis 

Data are expressed as mean ± SD, unless 
otherwise specified. The test for cate- 
gorical variables and the Student £ test or 
the corresponding nonparametric Mann- 
Whitney test for continuous variables 
were used to compare patients' character- 
istics at baseline. Wilcoxon signed rank 
test for continuous variables and the 
McNemar test for categorical variables 
were applied to analyze baseline to end- 
of-study change within each group. The 
unpaired t test or Mann- Whitney U test 
for continuous variables and comparison 
of proportions for categorical variables 
were used to compare changes from base- 
line between the two groups. Statistical 
analysis was performed using Graph 
Pad Prism 5.0 (GraphPad Software Inc., 
San Diego, CA) and SigmaPlot 11 (Systat 
Software, Inc., Chicago, IL) software. A 
P value < 0.05 was considered statisti- 
cally significant. 

RESULTS — At baseline, there were no 
statistically significant differences in all 
parameters between the two groups (data 
not shown). During the 12-month period, 
two patients in the CON and one in the 
EXE group abandoned the study for 
various reasons. No major adverse events 
were observed, including severe hypogly- 
cemia. Mild hypoglycemia, not requiring 
assistance, was reported in 7 of 37 pa- 
tients in the EXE group. The daily insulin 
dose increased significantly in the CON 
group, whereas it decreased in the EXE 
group (Table 1). 

As in the whole cohort (11), total PA 
volume was significantly higher in EXE 
versus CON group. HbAi^, waist circum- 
ference, systolic and diastolic BP, LDL, 
hs-CRP, and CHD risk score were signifi- 
cantly reduced in the EXE group, whereas 
only total cholesterol decreased signifi- 
cantly in the CON group. As a result, com- 
pared with CON subjects, EXE participants 
showed significantly higher improvements 
in HbAic, BMI, waist circumference, hs- 
CRP, and CHD risk score (Table 1). 

CONCLUSIONS— Despite the limited 
number of participants, this is the first 
study, to the best of our knowledge, that 

assesses the effect of long-term supervised 
exercise training in insulin-treated sub- 
jects with type 2 diabetes. This analysis 
indicates that for this subgroup, like the 
other IDES subjects, supervised exercise 
training is safe and effective in improving 
CVD risk factors and CHD risk score 
and in achieving a considerable amount 



of PA. However, the volume of unsuper- 
vised PA was somewhat lower than in the 
EXE participants from the whole cohort 
(11), likely because insulin- treated patients 
are less confident to perform PA than those 
treated with OHAs for fear of hypoglycemia. 

More importantly, our findings in- 
dicate that improvements in HbAic, 
which were higher than in the whole co- 
hort, consistent with the higher baseline 
values (11), were associated with a reduc- 
tion of those parameters (i.e., waist, BMI, 
and hs-CRP) that were shown to be neg- 
atively affected by insulin treatment (6-8). 
This is consistent with a small-sized study 
from Aas et al. (8) showing that lifestyle 
intervention is more effective than insu- 
lin treatment on adipokine levels in sub- 
jects with type 2 diabetes. This supports 
the concept that exercise may counter- 
balance the adverse effects of insulin 
therapy on adiposity and inflammation, 
directly or via reduction of daily insulin 
dose, and suggests that lifestyle inter- 
ventions, including supervised exercise 
training, should be encouraged in these 
individuals. 

Supervised mixed (aerobic and resis- 
tance) exercise training is safe and effec- 
tive in promoting PA and improving 
HbAic and the CVD risk profile in insulin- 
treated, overweight/obese subjects with 
type 2 diabetes. This intervention strategy 
appears to counterbalance the adverse 
effects of insulin therapy on adiposity 
and inflammation. 



Acknowledgments — This work was sup- 
ported by LifeScan SrL, Novo Nordisk Ltd., 
Bristol-Myers Squibb Italy, Technogym SpA, 
and COSMED SrL. The sponsors had no role 
in design and conduct of the study; collec- 
tion, management, and interpretation of the 
data; or preparation, review, and approval of 
the manuscript. No other potential conflicts 
of interest relevant to this article were re- 
ported. 

S.B. researched data, wrote the manuscript, 
and is the guarantor of the article. S.Z. and A. 

N. researched data and reviewed and edited 
the manuscript. P.C., G.S., and S.F. researched 
data and contributed to discussion. G.P. re- 
searched data and wrote the manuscript. 

The authors thank the IDES Investigators 
for participating in this study (see the com- 
plete list in the Supplementary Data). 



References 

1. Hansson GK, Robertson AK, Sdderberg- 
Naucler C. Inflammation and atheroscle- 
rosis. Annu Rev Pathol 2006;1:297-329 



2. Hayden JM, Reaven PD. Cardiovascular 
disease m diabetes mellitus type 2: a po- 
tential role for novel cardiovascular risk 
factors. Curr Opm Lipidol 2000;11:519- 
528 

3. Ridker PM, Rifai N, Rose L, Buring JE, 
Cook NR. Comparison of C-reactive protein 
and low-density lipoprotein cholesterol 
levels in the prediction of first cardiovas- 
cular events. N Engl J Med 2002;347: 
1557-1565 

4. Ridker PM, Danielson E, Eonseca EA, 
et al.; JUPITER Trial Study Group. Re- 
duction in C-reactive protein and LDL 
cholesterol and cardiovascular event rates 
after initiadon of rosuvastatui: a prospective 
study of the JUPITER trial. Lancet 2009; 
373:1175-1182 

5. Balducci S, Zanuso S, Nicolucci A, et al. 
Anti-inflammatory effect of exercise train- 
ing in subjects with type 2 diabetes and 
the metabolic syndrome is dependent on 
exercise modalities and independent of 
weight loss. Nutr Metab Cardiovasc Dis 
2010;20:608-617 

6. Esposito K, Ciotola M, Maiorino MI, 
et al. Addition of neutral protamine lispro 
insulin or insulin glargme to oral type 2 
diabetes regimens for patients with sub- 
optimal glycemic control: a randomized 
trial. Ann Intern Med 2008;149:531- 
539 

7. PradhanAD, Everett BM, CookNR, RifaiN, 
Ridker PM. Effects of initiating insulin and 
metformin on glycemic control and in- 
flammatory biomarkers among patients 
with type 2 diabetes: the LANCET ran- 
domized trial. JAMA 2009;302:1 186- 
1194 

8. Aas AM, Seljeflot I, Torjesen PA, Diep LM, 
Thorsby PM, Birkeland KI. Blood glucose 
lowering by means of lifestyle interven- 
tion has different effects on adipokines as 
compared with insulin treatment in sub- 
jects with type 2 diabetes. Diabetologia 
2006;49:872-880 

9. Mavridis G, Souliou E, Diza E, et al. In- 
flammatory cytokines in insulin-treated 
patients with type 2 diabetes. Nutr Metab 
Cardiovasc Dis 2008;18:471-476 

10. Balducci S, Zanuso S, Massarini M, et al; 
Italian Diabetes Exercise Study (IDES) 
Group. The Italian Diabetes and Exercise 
Study (IDES): design and methods for a 
prospective Italian multicentre trial of in- 
tensive lifestyle intervention in people 
with type 2 diabetes and the metabolic 
syndrome. Nutr Metab Cardiovasc Dis 
2008;18:585-595 

11. Balducci S, Zanuso S, Nicolucci A, et al; 
Italian Diabetes Exercise Study (IDES) 
Investigators. Effect of an intensive exer- 
cise intervention strategy on modifiable 
cardiovascular risk factors in type 2 di- 
abetes mellitus: a randomized controlled 
trial: the Italian Diabetes and Exercise 
Study (IDES) . Arch Intem Med 20 1 0 ; 1 70 : 
1794-1803 



care.diabetesjournals.org 



Diabetes Care, volume 35, January 2012 



41 



